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CHAPTER 1 

REVERSE-BURN GASIFICATION: AN ALTERNATIVE METHOD 
FOR THERMAL TREATMENT OF HAZARDOUS WASTE 

INTRODUCTION 

Along with increasing public support for sound environmental practices, the 

implementation of the Resource Conservation and Recovery Act (RCRA) and the 

Comprehensive Environmenml Response, Compensation and Liability Act (Superfund) 

have forced industry and government to adopt waste management policies that emphasize 

the reduction of waste and wastt trcarment to destroy toxic components. The land ban 

program,  s& up under RCRA, prohibits the Land disposal from stvcral h u n W  wastc 

streams unless they have been tmmi with the best technology available to destroy their 

toxic constituents. Under the supvision of the Environmental Fkotcction Agency (EPA), 

rhe waste smzm is to be treated so *hat prior to land disposal the toxicity, mbility, and 

volume is reduced to the maximum extent achievable. Currently, incineration and 

stabition arc the most widely UW technologies for this purposc.1J ~ h c  practice of 

treatment prior to land disposal has also caused a tremendous increase in waste disposal 

costs resulting from increasedhndling of the waste and energy requirements for the 

various methods of waste trcafment employed. Thermal methods of wasre destruction, 

incineration being the most popular, arc quite energy intensive and arc a method of choice 

for cleaning up abandoned and uneonmllcd waste sites under Superfund- 

There arc a variety of thcnnal methods available for the treatment of hazardous 

~ a s t e . ~ * 2 - ~ 3 ? 6  The method chosen depends on the form and content of the waste. Waste 

~naterial can be in the from of a liquid, a solid, or a sludge. A waste may be composed of 
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primarily one component-for example, a waste organic solvent-+r contain complex 

mixtures of organics and inorganics such as cyanide, arstnic, or heavy metals. Wastewater 

containing organic and inorganic compounds must be treated for rcrnoval of hazardous 

contaminantS before being dischargcd. The tcrm "mixed waste'' is used for waslc 

containing mixnac~ of organics with radioactive was= The objective of t h d  trtarmcnt 

of wastc is to destroy the organic portion of the waste, ntah the inorganic partion, and 

the production or relcase of toxic by-products 

THERMAL MEIHODS FOR HAZARDOUS WAsfE TlXEA- 

Incineronbn 

Therc arc four types of incineration devices in g c n d  use, liquid injtction, n3tary kih 

fixed-hearth, and fluidized bed.' The incincsator design chosen depends on the physical 

farm and other characttns * tics of the wa!ae to be trGUsd. 

Liquid injection incherators arc employed to trcal Fumpsnble liquid waste. Tbt 

dmie coasists of a rtfiacrory-lined cylinder containing one or wnr: bwners through which 

wastes arc injected. The waste is atomized mtchanicatiy, or by du or stcam, into f i e  

droplets that ar, burned in suspension. Su&cient residence time of the droplet is q u i r e d  

for the three stages of combustion to wcw, hearing, volatilization, and oxidation. If the 

waste is combustible, it may require no additional fuel, Aqumus wastes and wastes with 

low cnagy value can bc in;cintrated by this method if awiliary fuel. is added Ofren organic 

wastt on be used as auxiliary fueL 

The atomization nozzle is cxiticaI to h e  o@on of thc liquid injection incinerator. Its 

fhction is to bnak up the liquid into fine droples placc the liquid h p l e t s  in a sptcrfic 

region of the furnace for optimum destruction, and control thc mu: of introduction of waste 

into the furnace. Thc higher the viscosity of the liquid, the mo1rc difficult it is to pump, 

atomiZt, and burn Atomizers arc subject to crosion and blockage.. 
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Rotary kiln incinerators an those in which the primary combustion chamber is a 

rchtory-lintd cylinder that ro- An afterburner is addcd downsntam frorn the kiln to 

complete destruction of vaponztd waste. Solid wastc, sludges, and liquid wastes may be 

otattd by incineration in a rotary kiln. Good mixing is achieved with a loading of 5 to 10 

% of the internal volumc of the cylinder unless thm are extremes in panicle sizt. Large 

amounts of smaU particles can colla in a "cold kidney" which is lcss pervious to reacting 

gascs. Another disadvantage is the need to operate under negative pressure to prevent 

laking. 

Multiplehearth incinerators can be used to treat tiquid, sludge, or solid wastes. 

Originally developed for ore roasting early in the century, it was Casiiy adapted for sludge 

bchexauon. Liquid and solid wastes can be mixed and fed into the system. The multiple- 

bmrth - is a vertical s p u c ~ c  & of a steel shell, hcd inrmtally with refractmy. 

Sludge is fed by gravity at the top of from the sidz with a screw-type fda. Insick is a 

series of Circular rchctory hearths, with a large ckcdar opening h the center, puSiUoned 

kxhontal ly  with space between them. A v d c d  shafi at the c e n * a  of the furnace has 

rabble arms anached which wipe the sludge across each hearth. Teeth in the rabble am 

move the sludge to the center or the outer edge of the hearth where the sludge drops 

through openings to the next lower hearrh, Air is inrmduced at the bottom of the furnace 

and Off-gas exits the top. The product of the multiple-hearth furnace is ash, 10 to 20 % of 

which exits with the off-gas and must be nxovffc& It must be fixed into a leach-resistant 

solid prior to cispod if it contains hazardous inorganic constituents. 

The multiple-hearth furnace is operated at a negative pressure, or draft Numerous 

inlets and outlets to the systcm w e n t  it from king &-tight; however, leakage under these 

conditions will be into the system If the draft is not mainrained, emission of potentidy 

dangerous hot gases from the leak points will OCCUT. 
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Fluidized-bed incinerators conrain a bed of granular solid (usually sand) into 

which air is i n n o d d  through a tuycn platc to create a high dcgnc of mrbulencc. The 

undulation cnaccd in the top of the k d  gives it the appearance of a fluid, Liquids and 

sludges with sdids up to 1/2 inch in diameter can be injected M y  into thc fl- bed 

and macerattd solid wastc can be fed in just above the bed, however, above-bed feeding 

can result in  incomplete combustion and parriculate carry-ovcr. Excellent mixing of the 

waste and oxidant is achieved in the fiuidid-bed incinerator. As with the multiple-hd 

funrace, a i q c  @on of the ash produced exits the furnace with the off-gas and must be 

n=sloved 

Recently, thae has been a sigruficant increzsc in the use of high-energy-value 

hazardous waste as a fuel source in cement kilns and industrial boilers? Texaco has 

reported the conversion of large volumes of waste material (tank bottoms sludge) into 

synthesis gas in tbe Tcxaco Gasification Process The waste sludge was gasified along 

with with a coai ~fmry.8 

Although incineration of hazardous wastes has m y  ad.mntages, some materids 

CaflDOt k a-eated by incineration. Noncombustible soils or wastes conraining excessive 

amo~nts of m m z  arc not incinezable. Supplemental fuel must often be added to maintain 

the approprianc operating tenqemtue. Also, incineration requks expensive equipment and 

extensive trearment of the off-gas. 
c 

The primary products from combustion arc carbon dioxide, water, and ash. Small 

quantities of a multitude of other products can form Guidelines set by the EPA must tx 

met by incineration facilities before obtaining operating permits. They must demonstrate 

that at least a 99.99 % destruction and ranoval efficiency @RE) for each principal organic 

hazardous consnruent (POHC) can be achieved (99.9999 5% D E  for dioxin and furan 

WWS). If HCI stack emissions are greater than 4 l b h ,  at least 99 % of HCI 

in the exhaust gas must be removed. Particulate emissions are limited to 0.08 grains/dry 
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standard cubic foot (dscf) comcttd to 7 % oxygen in the stack gas (52 m@). 

Metals such as arsenic, barium, beryllium, chromium, cadmium, lead, mercury, nickel, 

selenium, and zinc an prcsent in many hazardous wastcs. Incineration changes the form of 

metals in ihc waste strcam but will not destroy them. Metals present in waste streams 

which arc incinerated an typically retained in the ash or emitted in combustion gases as 

particles rather than vapors. Macu~y and selenium tcnd to be relased into the atmosphert 

in the stack gases.7 

Products of incomplete combustion (PIcs) can bc emitted. PIcs arc organic 

compounds which arc prcscnt in the emissions from incinemion, which are not present in 

detectable amounts in the waste feed., fuel, or air fed into the incinerator. PICs can d t  

from incomplete combustion of the original POHCs or they can be created in the 

combustion zone and downstrtam as a product of radical-molecule reactions of p a r ~ U y  

destroyed organics. Ifexachlorobcnzcnc (HCB), polychlorinattd biphenyls (PCBs), 

polychlorinated dibenzo-p-dioxins (PCDDs), and polychlorinated dibenzofurans 

, ~ F s  j9 often form drning rfie combustion of c~orina& organic compounds. 

Ash residue is g e n d  in waste facilities which incincxatc waste containing significant 

amounts of ash or halogens. The ash often contains heavy metals and undestroyed organic 

marerial and is classified as a hazardous waste. Fixation/solidification of the ash is usually 

necessary prior to disposal to pnirent leaching. 

Pyrolysis 

Pyrolysis is the chemical decomposition OT reaction that occurs when matexial is heated 

in the absence of oxygen Solid, sludge, or liquid carbonaceous materials are conveRtd u) 

gases and solid residue. Two steps are used in the pyrolysis of hazardous wastes. First, 

the waste is heated at 425 to 760 'C to separate the volanlc components from non-volade 

char and ish. Second, thc volatilized fra~tion is burned under controlled conditions to 
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o p h i z c  destruction of the hazardous components. The solid pyrolyzed nfidue may still 

be toxic and must be tested before disposal and further treated if necessary. Pyrolysis 

q u i r e s  less paniculate emission control than incinerarion and recovery of vapors and 

constituents in the residue is somerimes possible. Emission of metals is also gnatiy 

d u d  The pyrolysis proctss is quite energy intensive. 

Wet Air Oxidation 

Wet air oxidation (WAO) is the aqueous phase oxidation of dissolved or suspended 

organics at elevated tcmpcraturt and pssurc. Air, or other oxygenanmining gas is 

bubbled through the h a d  ~ ~ U C O U S  solution (175-340 'C) with the PKXCSS p r t ~ ~ u r ~  

mahabed between 300 and 3OOO psi t~ prevent evaporation. The high prtssun allows a 

high concentration of oxygen to be dissolved and reactions occur due to the incrtascd 

temperatun=. Gases are removed during the process and hydmcarbons in the gas can be 

rancved by adsarption, wet scrubbing, or aftcrburning. The oxioiztd liquid @uct may 

require additional treatment such as metal precipitation. The process is designed for 

treatment of dilute queous wastes which cannot bc incinexatcd economically or 22t too 

toxic (Wcontaining, e=.) for biological treatment methods 

PIarma systems 

Plasma systems use a plasma-arc to ~ a t c  extremely high temperaturts (l0,ooO 'C)  to 

destroy highly toxic wastes, At these temperatures, refractory compounds are readily 

dcstroycd When applied to waste disposal, the plasma arc is considered to be an energy 

transfer device. The plasma is generated by elecmcal discharge through a gas causing 

ionization of the gas. Waste liquids or gases injected into the plasma are destroyed as 

plasma energy is used to break apart molecules into their constiruent atoms. Another way 

to use plasmas for waste desmction is by indirect he.ating?O The plasma is used as a 

secondary heat source to create a molten bath of metal or soil which in turn heats and 

decontaminates the waste. The usc of pJasmas is only necessary in special CSLSCS. TO use it 
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for r o u k  wasc treatment wwld be expensive overkiu 

REVERSE-BURN GASIEiCATION FOR HAZARDOUS WASTE TREATMENT 

Tk Chsnchnr Process 

The ChemQar pn>ccss is a unique new method for the t h d  treatment of h d o u s  

wastc Wastes of various form can be treated including solids, liquids, sludges, and 

soils Orparuc constituents of the waste are destroyed by conversion to a combustible gas. 

The product is a dry, inert, carbonaceous solid which is either non-hazardous or can bt 

rcadsiy mixed with cement to prcvent leaching of radioactive, toxic, or heavy metai 

constirnents which are retained in the char residue or ash. In this way, the C h t m C k  

Process can be a very effective method for treating mixed wastes such as heavy metal 

s l u d p  axxi organic waste containing radioactive metals. figure 1-1 is a flow diagram 

showing the stqs of the ChemChar Process followed by a more detailed description of 

each q. 

a. 

(3) Gasificariw of the MixMt 
to Prtxiuce a Dry, Carbonaceous Solid 

lmmobilizatialinccmnt 

I 

Figure 1-1. Row diagram of the CtnemChar Process for hazardous waste trcatmcnt. 
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(1) Production of activated char. Activated char is produced from Rosebud 

subbituminous coal from Hanna, Wyoming. The reactor consists of a 1 inch inner 

diameter, 12 inch long V y c d  tube packed with 20-80 mesh (avcrage size - 1 mm) coal 

(Figure 1-2). The coal is held in the tube with a plug of siIica wool in the bttom. Dry 

oxygen gas flows downward through the column A flame front is ir&iated at the bottom 

of the column of coal by external heating with a &h. The -lux) 'C glowing red flame 

front moves evenly upward in the direction cuunrc~  to the flow of gas, hence the name 

"reverse-burn," leaving a column of char as a portion of the coal is gasifid The product 

gas is a multi-component combustible mixnut containing appreciable amounts of &n 

monoxide and hydrogen. The rcvcrsc-burn can be repeated twice more to produce triple- 

revcrse-burn char (TRB char). 

(2) Contacting the activated char with waste. A multitude of different waste typs 

arc xrcatable with the ChcmQlar Process. Liquid wastes can be sotbed dirtctly onto the 

char surface. Aqueous wzstts can bc Ntercd through a t3cd of char so remove hazardous 

materials. The purified warm can k discharged and the char dried and gasified. Waste 

sludges can be mixed directiy with char by adding solvents or enough char to prevent 

agglomemion. The char particles act to dry these tyjxs of wastes through capillary action 

of the ~ c r o p o ~ ~ s  in the char. Solid wastes can be macerated and mixed directly with char 

More being fed into the reactor. 

(3) Gasification of the char/wsste mixture. The same basic apparatus is used for 

the reverse-burn gasification of wastes. The waste material must be intimately contacted 

with activated char particles for optimal gasification. Energy for the process is generated 

by exothermic reactions of oxygen with the reactor charge; coal, char, or waste materials 

sort>ed on &e carbon. The following reactions OCCUT: 

C + 0 2 + r n + h e a t  
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2C + 02 + 2CO + heat 

4H(from waste) + 02 + 2HzO + heat 

Ignition 

Q) > 

0 

Oxygen Flow In 
J. 

Exhaust Gas 
out 

Figure 1-2. Diagram of the ChemChar Reverse-Burn Gasification rcactor for the 
production of activated char and the destruction of hazardous waste. 
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with the carbon and pwvidcs c t ~ ~ g y  for the following endothermic d o n s  to OCCUT in the 

downstrtam end of the m e :  

C + H20 + CO + 2(H) nascent hydrogen 

2{H}  + K2 

eo2 + c + 2co 

The products of these ruictions are reducing gases which mate a strongly reducing 

atmosphere behind the flame fi-m~ 

The oxygen flow to the rcacLor is halted when the flame from rtaches the top of the 

tube. Ash can bc prod& in the samc appmms by first performing a reverse-burn on the 

reactor charge and then by coutinlring the flow of oxygen after it has reached the top of the 

coiumn. The flame front rcvetses direction a d  continues to b m  until all of the carbon is 

consumed leaving an ash rtsicUe. This is called the “forward-bum” d e .  

(4) Recycling of the char or fixation of the csn-recpdabie char or ash. 

Because metals are retained in the char, the process can be effesive in treating mixed 

wastes. Wastes containing mixmres of organics and heavy metals can be treated as well 

with retention of the heavy mea except for mercury. The produs of the gasification is a 

dry granular reactivated char which is easy to manipulate and amenable to fixation in 

cement If the ash cantent and the m u n t  of fines in the char remains low, the char may be 

recycled through numerous waste mixing and reverse-bum cycles. 

L 

The gasification process occurs in a non-turbulent bed of carboc, therefore no fly ash is 

produced while operating in the reverse-burn mode. Potential solid poll~tants are retained 

in the char and the char can be ortatcd to neutralize acid gases produced. Because the off- 

gases are hydrogen and carbon monoxide, they can be used as fuel. 



H i n o r i d  Perspecrive 

The ChemChar Reverse-Burn Gasificadon Process for the treatment of hazardous 

w a s  is Still in its infancy yet it shows great promise as an inexpensive and effective 

method for the reduction and immobilization of a wide variety of hazardous waste 

martrialr 

Ln the late 1970's, an apparatus (Figure 1-3) for the laboratory simulation of 

mckrgmmd eoai gasification was developed by Stanley. E. Manahan and D-1 B o d p  

at the Universiry of Missouri-Columbia for use in studies of groundwater pollution 

rtsnlting from underground coal Rosebud subbituminous coal from Hanna, 

W*&g was selened for the study. The rract~~ consisted of a 15 mm inner diamerer, 30 

cm kxig Vycofi tube packed with 20-60 msh (0.18-0.8 mm) coal. The cod was held in 

the tubc with a plug of glass wool in the booom. A srream of oxygen gas, samted wkh 

WlLfrCT tapor by bubbling it through warm heard to 90 'C, flowed downward through the 

 dun^^ A flame front was ini- at the boaom of the column of coal by e x d  heating 

with a torch. 'X?x F !  front moved eveniy upwad in the direction counter t(i the fiow of 

gas k w b g  a column of char as a portion of the cod was gasified.. The oxygen flow to the 

maur was halted when the frame front reached the top of the cod in the tube. The product 

W was combustible. Ash was produced in the same apparatus by first performing a 

n v ~ - b u r n  on the coal in the reactor and then continuing the flow of oxygen thus 

a h g  h e  flamc front to rtverse direction after it had reached the top of the coal column. 

forward-burn mode, the char was consumed leaving an ash. 

a and coalderived prcxfucts, such as char and ash, produced in the process were 

C v a l ~  as possible sorbents for organic and inorganic pollutants resulting from 

undcr_eround cod gasification. Tbe order of increasing effectiveness of sopdon of these 

solids was detennincd to be char < coaf < ash. The ineffectiveness of the char was thought 

be a result of tar residue from the single reverse-burn gasification of coal which had 
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coated the surface and the porcs. 

F h c  front f- .Burning gas producr 

Figure 1-3. Apparatus for simdated underground gasification of coal used for p r e p d o n  
of char and collection of contaminated by-products.ll 

0 

In the early 1980’s, while performing graduate work under the advisement of S. E. 

Manahan, Robert Gale reported an innease in the sorptive charactexktics of reverse-burned 

Coal char by subjecting it to multiple reverse-burn gasifications to produce a rnuluply 

xvese-burned char (MRBC).12 Multiple reverse-burn treatment of the coal char was done 

to remove the tar deposited in the first reverse-bum gasifkadon, create acnve o x i d i d  sites 

on the char surface, and increase the surface area of the char by burn-off to develop an 

increased micropomus smcm. 
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To produce MRBC a revase-bum gasification of coal was performed as usual and the 

flarne front was exthguishcd by temimtion of the support gas flow after the flame front 

had reached the top of the char column, After the flame zone t c m w  had decreased to 

a @t where re-ignition would not occuf, the flame h n t  was n-ignitrd at the downstream 

end of the column. This cycle was repeated a third time to produce char which had been 

gasifid three times. Organic vapors decreased with successive reverse-burns and the 

flame front moved fasn each time indicating that less of the char surface was being 

oxidized The product was a dry, granular, highly macroporous carbon with increased 

surface area (> 200 m2/gl. studies of the sorption of metals from water confirmed the 

enhanced sorptive characttns ' tics of MRBC. Removal of 100 8 (within the limit of 

detection by atomic absurption) of Cu, Ni, Cd, Zn, C r o ,  and Cr (VI) from aqueous 

solution within 10 minutes was reported. 

In 1985, while consulting on a project conccming the disposal of arsenic sulfide 

sludge, Manahan conceived the idea of adding coal char to sludge to facilitate drying by 

capihy action of thc char and produce a solid mort amenable to fixation in ccmentl3 The 

xnhxre was also reverse-burned to destroy the organics. This type of waste product soon 

became known as  sta an^." 

The use of coal char for waste treatment caught the interest of David Larsen at the 

University of M k ~ u r i - S t  bu i s  and the idea for the implementation of char as a substrate 

and fuel for the reverse-burn gasification of hazardous waste was developed. Operational 

parameters for the production of triple-reverse-bmed char (TRB Char) were determined 

and the two formed ChemChar Research, Inc. in 1989 and obrained a patent for the process 

in  December, 1990.14 The reverse-burn gasificarion of waste became known as the 

ChemChar Process for thermal m m e n t  of hazardous waste. 

Although the basic apparatus for reverse-bum gasification has remained basically the 

samt since its inception, studies of the application of reverse-bm gasification technology 
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to waste treatment have shown that it can bc used to mat a wide variety of different w s e  

forms. 

Some prefiminary work was done by J. Chris Cady on the trcatxncnt of hazardous 

wastes by reverse-burn gasification15 Triple-reverse-bud char was used to trcar a 

sludge containing polychlorinated biphenyls ( p a s ) .  The dtsnucnon efficiency for the 

PCB, Aroclor, was determined to be 99.76 96. Soils cantaminad with pentachloropkd 

(pcp) and hexachlorobenzene (HCB) were mixed with TRB Char and gasif id 

Dcsuuction efficiencies of 99.9 % w t n  nported. chromatographic properties of TRB 

c3bar were investigasd with the achicvcmmt of separarion of planar and non-planar PCEk 

Regeneration of commercially available p u l a r  activated &n (GAC) was reported by 

muse-burn gasification, however, true ngenaation was not anuaUy performed becanst 

the carbons were not spent prior to xversc-bumkg. 

This m o r .  presents the application of the ChemQlw Proctss to the z r e m  of 

“mixed waste” which is a combination of radioactive and organic waste. Organic ion 

exchange resins containing metals, to simuiate wasti: resins used to remove ions from 

m l i n g  wam in nuclear reactan, were gasified to demoy the organic content of the rcsin 

while re-g the metals. The char and ash products of the resin destruction were fixed 

Portland cement and subjected to leach and strength testing. Tracking of metals by 

wxxic absorption and tracer sndies showed the ability of the char and ash to retain metals 
c 

thmughout the process. 

The appliCation of pemieum coke as an alternative form of activated carbon to use as a 

subsme for the reverse-burn treatment of wastes was also explored. Reagenrs were 

to the carbon matrix 10 act as catalysts in waste gasification and improve the p h y s i d  

quality of the product. The addition of iron appeared to have catalytic effects in the 

destruction of hexachlorobenzene. 
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The fate of mercury in the ChemChar froccss was investigated by gasifying mercury- 

loaded char. Memxy emission from the restor was substantial, however, a TRB Char 

trap downstream proved to be an excellent adsorbent for escaping mercury vapor. 

Spent granular activated carbns wen regenexat& by reverse-burn gasification. The 

tobe sorptive capacities and surf= arcas of sclectcd r e g e n d  carbons wcre deterrmned - 
comparable to the original carbon. Activated carbons used to treat wastewater may be 

ngcnerated by this method. 

The development of tbe process is continuing witfi investigiaions by Laura h a  who 

is testing for and PCB f o d o n  on the and in effluent during 
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CHAPTER 2 

TREATMENT OF WASTE RADIOACTNE ION EXCHANGE RESINS 

BY REVERSE-BURN GASIFICATION 

IMRODUCTION 

The Use qfion Exchange Resins in Radioaca've Warraoarer Treutment 

Ion cxcfiange is used for treatment of low ionic strength liquid radioactive waste. In 

those n u c h  reactofs whert water is uscd as the primary c o o h i  ion exchange xsins arc a 

necessity for mhhizing corrosion and protecting all heat transfer surfaces from scafing. 

Ion exchange resins are insoluble, high molecular weight styrene-&vinylbenzene 

copol~mm with active fimctiond groups attached. The functional groups can reversibly 

exhaage their mobile ions with those of like chmgc from the surrounding solution. 

Stmng-acid canon exchange resins and strong-base anion exchange resins are typically 

used in nuclear power plants. Strong-zcid cation exchange resins contain H+ as the mobile 

exchange ion and strong-base anion exchange resins are in the OH- form. 

Tbe wafer quality used for cooling in nuclear power plants must be very high to 

mhimize wmsion problems and the formation of neutron activation products. AS an 

additional aid for the reduction of corrosion, *ese resins provide a method for controlling 

pH of the coolant water at a value least conducive to anack of the metal surfaces by this 

water. In order to minimize chloride stress corrosion, chloride has been reduced in these 

resins.)6 Ion exchange resins of higher purity than those n o d y  employed in water 

~~Ddidoning applications have been found more desireable for the treatment of warer in 

n u d - a  power plants. 

Mixed-bed systems are the most frequentIy employed in water and waste treatment 

This K S K ~ ~ ~ Y  consists of  a 2-8 foot deep fixed bed of a mixture of anion and cation 
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exchange resins. A disadvantage of mng-acid or strong-base ion exchange resins is their 

low rcgenerahw efficiencies. Regeneration of the spent resin m k m S  C ~ I I  be achieved if 

the resins arc separated by flotadon, rinsed to regenerate, and then rt-mked. However, 

spent resin beds arc usualiy discarded rather than regenerated due to the time and 

processing required for regeneration and the low efficiency achieved. 

n e  disposa~ of radioactive waste is strictly regulated17 Waste resins arc comm~niy 

inhexnt with mi4cemtnt mixants an that re!esins are basically incompatible with cement 

and resins and poiymers arc subject to radiolytic decomposition and degradation.18 The 

organic content of the resin presents a problem in the fixation of the waste. As the mncrete 

cures, shrinkage of the resin as it dries can create large pores which weaken the st~cti.ral 

integrity of the final concrete product The resin may aIso decompose to yield gases and 

organic compouods which degmde and weaken the concrete and contribute 50 leaching. 

7 % ~  organic resin components can ais0 undergo rxiiolydc demmposition. These factors 

Id to a a c h g  and deformation of the rcsin/cernent mixture. The ieach resistance of the 

cemented ash is poor. Presently, the resin to cement mass raric which is needed to form a 

suitable soiid product is 1 -to SO.Ig,*O Cementized dried resins must pass a 50 psi 

compressive strength test after 90 days immersion in water. 
& 

Incineration of waste resins is possible in some cases; however, many metals are 

volatile at the temperatllrts needed to destroy the organic m a u i ~ . ~ ~  Incineration produces 

fly-ash to which vaporized metals can cling. During the incineration pmess these metals 

Will enter the annosphert if special stack filtering equipment is not employed. This is 

especially dangerous when the resin has been utilized in the removal of radioactive ions. 

Cesium-130 and srontium-90 are examples of metals which are commonly found in 

radioactive waste which can be volatiiized 

17 



The rev--burn process acts in an eEccrivc and economical manna to dewater resins 

and to d e m y  the organic resin components in the prcscncc of the inorganic components. 

The innovative aspect of the process is that the spent resin is dis@ with an aaivattd 

char, which is then subjcctcd to a unique rcvtrse burn gasification. Char gasification 

produces a high temperam,  chemically reducing environment that converts the organic 

resin to a char material. UnIike conventional incinemion processes, the reverse-bum 

process dots not depend upon very high ttmperaturcs and turbulence to destroy organic 

wastes. This places relatively less demand upon the mattrials used to construct the 

treatment reactor and provides a greater margin of safety. Under the gasification 

conditions used in the reverse-bum treatment process, the organic components an= 

destroyed and water is evaporated, while the inorganic components, including 

radionuclides bound to the resin, arc retained on the C o n  matrin The cabOn product 

can be set in cemen; cOnveRcd to z small-voIume m i n d  dag, or g2assified. Revesse burn 

ga&czition accompiishts a substantial volume rsductioc of at least two-fol& An even 

grtates volume reduction (>20-fold) can be achieved wi& a subsequent complete forward 

burn gasification of the char/inorganic mass. This leads to containment of the inorganics 

in a leach-resistant slag or glass that has a much SrnaUer volume than the original resin. 

Heat for the process is obtained directly from the char gmfication and no external heat 

source is required. 

The reverse-burn process desmys the organics and leaves only inorganics, including 

the radionuclides, char, and mineral slag these components are all very comparable with 

cement. 

The process involves four key steps: 

(I) Production of an activated char from subbituminous coal by a multiple reverse-burn 

gasification procedm. 
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(2) COntacMg tbectrarandrrxin to form an inrhatc micnrrc. 

(3) Revcrse burn gasification of the char/rtsin mixm to destroy the organic components 

while fixing tht inorganic corrrponents. 

(4) Setting the chadinorganic mass in cement or reduction of the charhnorganic mass to a 

small volume of leach-resistant silicaceous slag by complete forward burn gasification 

of tbc remaining char. 

The gasified c-c product from step 3 can be recycled through steps 2 and 3. 

The process is iliumud schematidy in Figurc 2-1. 

rn Containing Radioactivity 

[ (4) Rqiing of Char 1 I 

with ReEnrion of Radioactivity 

I ’  ‘ I  

Figure 2-1. Schemaric of process steps in trearment of waste organic ion exchange resins. 

Destrucrion of the Organic Componems and Dewarering by Reverse-Burn Garifican’on 

Many of the problems associated with waste ion exchange resins art a result of their 

high moisture content They can sweil up to 50 9% when wet making them quite bulky and 
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a signifizant amount of moisnrrt can remain even after air drying. The nsidual water can 

facil ia leaching of the sorbed waste ions thus reversing the intended purpose of the =sin 

in the wise t reatmnt  process. 

Activated carbon has been widely used for organic and inorganic waste treat- 

ment.m*24*25*26 Activated coal char made by the reverseburn process has unique 

pro- that arc crucial to its use for resin m e n t  The mechanically stable nature of 

the char and its high volumc of relatively large pores provides an ideal physical matrix for 

mixing, drying and ntcntion of organic materials. The char also pmvides a surface on 

which ttKnmochemical reactions can occur to destroy the organic component of the resin. 

Gasificarion of the char provides both heat and a reducing atmosphere for chemical 

reactions to destroy organics at clevatai temperature. Most imporrantly, no fly ash is 

pmduad in the gasification process. 

Fdlowing its prcparation and drying, the chariresin mixnnt is scbjectcd to reverse- 

burn gasification to destroy the organic components as illustratLd in Figure 2- 1. The resin 

is m v d  partiy to solid carbon, as well as to gaseous products--cartrOn monoxide, 

carbon dioxide. Hydrogen sulfide, nitrogen, and ammonia can be produced depending 

upon tk type of active groups present on the resin. About 10 % of the char is consumed in 

the revax-burn gasification process. 

TO funher reduce the ~ ~ l u m e  of spent organic resins, the reverse-burned charhesin 

mixtures may be rccyclcd by mixing with more spent resin for another reverse-burn 

gasifimrion. This p d m  may be rewred several times beforc fixaxion and/or complete 

Oxidation. 

Reenrion of Me& in the Process 

~ U m m o n  contaminants of reactor wastewater include wSr and 137Cs.27 Due to its 

chemical similari~y to Ca, WSr is potentially hazardous because it can be introduced into 

the food c’nain. 
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Metal rctcntion in waste trcatmcnt can be mtasurcd using a radionuclide tracer, 

t e ~ h n e t i ~ - W m .  In addition to being a si@lcanr mntaminanz nuclear fission by-product, 

this radionuclide is a stan- one28 uscd for a wide range of radiotracer and imaging 

srudies because of its optimum half-life and radiarion c W t i c s .  Techncriurn-99m is 

generated as a decay product of 99Mo and can be eluted from the generator as the 

penechetate ion, 99TcO4-.29 ?he activity of 99Tc can be counted with a well-type 

NaI(T1) solid scintillation detector to meaSurt the 140-5-kcV y emisSion.3 

Firadon by SolrdyTcation of the Inorgat& Componcm 

After the organic components have becn destroyed, fixation of the inorganic 

components can be accomplished in tfrree possible ways. The char/rcsin reverse-bum 

r s k h e  can be used as an aggregate and set in canenL The mixture can be reduced to a 

slag by a wmplete fnward-bum of all the remaining char, a mode of gasification in which 

the Came front moves in the samt dimtion as the oxidant flow as described in Chapter 1. 

The carbon in ihe char is ccmpieteiy oxidized in a forwad-burn. The mixme can be 

This chapter describes experiments per fmed m determine the feasibility of using TRB 

Char and reverse-bum gasification for the desmction and fixation of waste ion exchange 

r&. Parameters investigated were; the determinarion of requirements for contacting c h a  

and resin, the retention of metals by the process, the feasibility of recycling the gasifkd 
c. 

residue, and the residue to cement mass ratio nc tssary  to form a stable find disposal 

pTXiUct. 

=ERIMENTAL 

Reagents 

Triple-reverse-burned coal char (TRB Char) ti= produced by reverse-burning ground 
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Wyoming subbituminous cod thnc times as described in the previous c-haptcr and sieved to 

a IIy=sh size of 20-60 (-1 mm diameter). Amberlite IR-124 cation exchange resin 

man- by R o h m a n d h  is commdy used tuncavermetals from rinse warn and 

cooling water. It is a styrcne-divinylbenzcnc type (12 % DVB) in the sodium form 

ConSining of goldcolored beads of mesh size 20-50 and an effcctivc Size of about 0.5 mm. 

The approximate moisture content is 39 % and it has an ion exchange capacity of 5.0 

mtx& The active sites an sulfite p u p s ,  -SO3-. Amberlite IRN-77 is a nuclear grade 

cation exchange resin. It is a smngly acidic cation exchange rcsin with a minimum of 98 

46 of irS exchange sites in the hydrogen form. The particle size ranges from 16-50 mesh 

with an effective size of 0.45-0.60 mm and a capacity of 38.2 kg CaCO3/ft.3. The 

maximum moisture mnmt is 55 8. Amberiite 1RN-78 is a nuclear grade anion exchange 

resin. It is a strongly basic anion exchange resin containing a minimum of 85 % of the 

exchangc sites in the OH form and a capacity of 26.2 kg Cacq/ft3. The particle si= 

ranges from 16-50 mesh with an effective size of 0.384.45 mm The maximum moisture 

C O T ~ ~ I  is 60 8. Samples of AmberJitt KY-77 2nd IRN-78 w m  ob-&ed from Misscuri 

Univasixy Research Reactor (MURR) and have been used thm to rtmove radioactive ions 

&om cooling water. 

All metal solutions added to the resins were made from analytical grade metal salts. 

Standards usd in the analysis of samples by flame atomic absorption spectroscopy (AAS), 

induakly-coupled plasxm-atomic emission specmswpy (ID-AES), and for the leaching 

Study were prepared by dilution of commercially available atomic absorption standards. 

Thest sandards typically oontain lo00 pg/d (ppm) metal in 1 5% HNO3 or HC1. 

Techneaum-99m was produced from the decay of WMoO42- on an activated alumina 

column w q c  is eluted from the coiumn with nonnai saline solution as STCQ-. 

Standard commercia3 grade Portland cement was used for furation of the resin and 

resdchar aggrtgares. 
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me samc nactDr design used to produce TRB Char, as described in Chapter 1 ,  was 

also utilized for tbe gasification and conversion to slag of the r C s i d I R B  Char rnknrns 

Figure 2-2). A 1 inch diameter V y d  tube was fincd with two steel endcaps anached 

with J-B Weld@ epoxy. The gasrfying mixtun was held in place by a plug of silica wool. 

A series of two gas washing rraps were installed to recover meral vapor from the exhaust 

stream TygonQ3 tubing ~ o ~ c c t c d  the nactor exhaust port to the two traps. The reverse 

burn was ignited by heating with a propane torch at the bottom of the column. After a 

rtvcrse-bum was completed, the oxygen flow was stopped if the desired product was the 

char with chantd resin. Howevcr, if the desircd product was an ash or slag, the oxygen 

flow was reducxd but maintained aftcr the flame h n t  reached the top of the reactor tube. 

This allowed for slow, but complete oxidasion of the reactor charge. 

Cmiaaing TRB Char with Resin and Retention of Nickel by Ash 

TRB Char m w  be evenly dispascd with the wastc resin befcxe effective gasificarion 

can occur. A metbod was devclopcd for contacting 'r'RB Char with resin. Prior to Ixlixing, 

the &ranular c h  was reduced to smaU particles of 20-80 mesh. The dry Amberlite IR-124 

cation exchange resin did not disperse well when mixed with char, therefore, the resin was 

sluxiied in deionized water. About a 50 9rc swelling in volume was observed after several 

hours and the slurry con&&& approximately 50 96 water by weight, This resin slurry was 

easy to transfer and mixed readily with the char by simple stining. It was detennined that 

h e  optimum gasi€i&on of resin rtquins that the sluny/char miXturc must be &-dried to 

n m v e  the ex- water. The char panicles in the sluny facilitated the drying by capillary 

action. Some residual water within the resin particles was not removed by air d y n g .  The 

TRB Char panicles adhered to the resin panides upon air-dryrng if they were mailer in 

Size than the resin panicles. The amount of TRB Char mixed With 20.0 g samples of resin 
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Egun 2-2 Reactor design for the gasification of ion exchange &s. 

Slmy was varied and the behavior of the mixture during gasification was evaluated to 

determine the optimum ratio of char to nsin slurry. Table 2-1 lists the amounts of TRB 

char added to each sample. As it gasified, each sample was observed to determine if the 

flame front was relatively even across the reactor (no channeling) in the reverse-burn mode 

and if the resin was completely converted to ash in the subsequent fmard-burn mode. 
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20.0 g 0 %  

20.0 g 10 96 

20.0 g 20 56 

20.0 g 40% 

I 0.0 g 

2 2.0 g 

3 4.0 g 

4 6.0 g 

5 8.0 g 

20.0 g 30 5% 

Each 20.0 g of sluny was spiked with 1.0 mL of a loo0 pprn Ni standard solution (1 

8 j~ "03) to give an o v d  1-g of 1 mg NIL n e  resin was stirred m2nua1.1~ to 

atlow the Ni to exchange evenly onto the resin. The resins were then mixed with the 

various amounts of char, mend loosely, and air-dried befon gasification. 

An oxygen flow of 0.824 Umin was used for 'the reverse-burn after which the burn 

t ~ k  was rotated to a horizontal position and a flow rate of 0.3674 Umin was set for the 

ashing of each sample. The residue in the burn tube was sansfrrrtd quantitatively out into 

a sample bottle and the tube was rinsd with concentrated HNO3 then deionized @.I.) 

warn. The combined rinses and ash w e n  subjected to a wet acid digestion from 30 mL 

concentrated "03 to -10 mL After filtering and diluting to 250 mi in D.I. water, the 

Solutions were analyzed by atomic absorption. Ni concentration was also determined in a 

bknL sample of 5.0 g TRB Char that was forward-burned to ash. No traps were used in 

this experiment. 

L 
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Retenn’on of Cesiwr: and Srruntiwn by rhe CharJResin Res& During Reverse-Burn 

Gasificarion 

A study was done to measure thc ability of the rcsin/char colnmn to retain cesium acd 

strontium during gasification. A 2 mL spike from a solution containing 5000 ppm of 

nonradioactive isotopes of Sr and Cs was added to two identical 20.0 g Amklirc IR-124 

Carion exchange resin s l q  (in D. L water) samples. This gave a total amount of 10 mg of 

each mctaI added to each resin sample. Each spiked slurry was rxixcd with 6.0 g of 20-60 

mesh ground TRB Char, The samples w e r ~  allowed to air dry ovtrnight and subsequently 

reverse-burn gasified Gas emerging from the reactor was bubbled through two sequential 

200 mL aaps containing 5 5% HNa solution to trap any volarile metal vapors which might 

eYOive during the mvtrsoburn. FoIlowing gasification, thc m nsinlchar product was 

extracted by cquiiibratingthrte tirms with 5 % “ 0 3  andwashingto atotai volume of500 

mL. The silica wooj plug was inciuded with the char drrring the cxaactior~ The solution in 

each trap was analyzed by flame A A S  for Cs and Sr. WLhanum was added as a matrix 

modifier for the analysis of Sr to prevent irltetference from Al. 

Retenrion ofRadimaive Tecchnetiwn-99m 

In order to refme the measurement of metaI retention by the midchar column, the 

study was performed using ttchnetium-Wm as a radiotracer. A sample containing 9 9 T c  

as Tc0,- was loaded on an anion exchange resin (Amberlite IRsllT-78), and the resin s l w  

was mixed with char in a 10:3 ratio. Thc resFrJchar mixmrc was air dried and charged into 

the reactor. The rtactor was configured so that oxidant flow w s  upward to avoid the 

potential problem of w a m  elution described above. A TRB Chzrr filter was added to the 

c ~ l u m n  after the charkin mixture as a precautionary measurt far adsorpaon of ~diitilinxt 

components. The reactor configuration is  shown in Figure 2-3. The residchar rr6x1-11~ 

was subjected to reverse bum gasification and the activities of 1 ad volumes of RSin/Char 

p d u q  glass wool, and Nm char were measured. Evolution of ammonia was observed 
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during the gasification resulting from amine groups on the resin. 

Exhaust 

3. 
Glass wool 
TRB char 
Nter 

Glass wool 

Glass wool 

Figure 2-3. Reactor configuration employed in the technctium-99rn retention experiment 

i. 

Destruction of the Organic M a r k  of the Resin and Removal of Water by Reverse-Burn 

Gasificarion 

Duplicate samples of min/char mixtures in a ratio of 10 parts slurry to 3 parts 

Char by mass wen prepared and allowed to air dry. Each sample was treated to five 

Werse-bm cycles. After each cycle, the mass of the sample was recorded. ma~s  loss 

ZSUlting from each revase-burn was compared to the mass loss for coal char alone 
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h @ u r  several rcvtrse-burn cycles. The iniriaily high- rate of bum-off for the 

~ S i r J C h a r  mixtures indicated the dcgne of dtstruction of the ncsin in t k  mixnrrt. 

Swfocr A d y s k  of Reverse-Burn Gasrficarion Product 

m g  electron micrographs (SEMs) were obtained of a xcverse-burned Amkiitc 

IR-124 rtsin/char sample. The sample was coated with a thin laya of vapor-deposited 

gold tu prevent sputtering of the sample by the electron beam. Energy dispersive x-ray 

analysis (EDAX) was @mcd on the surface to detumine the elemental composition of 

dcposirs seen in the micrograph 

Rccyding of TRB CharlResin Res& 

To frnther rtduce the volume of spent organic resins, the rtvcst-burned chiuhesin 

mixtmes were mixed with more spent nsin for another reverse-burn gasification. A 

mixsd-btd ion exchange resin was prepared by mixing 10.0 g of Ambcrtitc IRN-77 cation 

and 1Q.O g Amberlite IRN-78 anion exchange resin slUI.ries. For the wccling experiment, 

duplicate samples wert prepared by adding 2.0 of a staadard solution containing 5 mg 

c8ch o f  Sr, Cs. hTi, a3C Cr as chromate ion. Each resin was then mixed with 6 g of TRB 
Char and allowed to air dry. The samples were reverse-burned twice in the reactor shown 

in Figure 2-2, then mixed with another aliquot of metal-spiked resin, air-drid, and 

revase-bed twice again. This cycle was repeated once more so that a total of 60 g of 

wet nSin bad been ncarcd p d  15 mg of each metal had btcn added A one-gram plug of 

TRB Char was placed below the sample in b e  reactor to aid in the establishment of an even 

f l a n x f r w t  

ThC exhaust gas was bubbled through 200 mL of 3 8 "03. Fresh acid soluuon was 

used for each of the thrce cycles. These solutions were diluted to 250 mL and analyzed by 

flam AAS for each metal that was added. 

In the ashing experiment, two identical samples were prepared by 4 mL of the 

samt standard solution (10 mg of each metal total) to 20 g of mixed mh. This was mixed 
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with 6 g of T'RB Char ard air dried, Each sample was oxidized completely to ash. A 

series of two paps wen uscd in sequence for cach sample. Each trap contained 200 mL of 

3 % "403. T~CSC ~01~tiotl wtrt also & u t 4  to 250 mt a d  analyzed by fla~ AAS. 

h b ~ m  w a ~  added to each sample to pnvent intezfcxemx h m  AI in the d y s i s  of Sr. 

FixotiOn of Ga@icabn P r h  in C m w  

The reverse-burn gasif?rarion product of spcnt charhsin mixcurts was a hard, porous, 

granular char. It could be pom#l easily from the reactor and readily mixed with Portland 

CQIleat to form a stable canpositt. The product obtained by 'tvczst-burning then forwad- 

bmning the charhesin miXnat was an ash residue. The volume reduction of spent resin 

w8smaxutllzcd by performing a forward burn; however, the ash was more difficult to 

handle and the forward burn mock produced fly ash. 

. .  

Sample concrete plugs were prepared by mixing airdried resin and resin gasifimtion 

prcrducts with Portland cc111~nt The resin gasification products were produced by reverse- 

bum gdsificatiOn of 10:3 rad0 mixtures of resin sluny to TRB Char. The products werc 

then mixed in varying rijos with cement as aggregate to produce a f o m  of co~,mztc. 

prtliminary rescaxch had sbown that a s - m o r  product was ob- by wetting the cement 

bcfort miXing it with the resh/char aggregate. Mixing the dry char and cement together 

bcfm adding water gave a poor product 'Mixing the cement with water first activates the 

ctment before mixing with char. The aggregate/cement mixtures were poured into paper 

forms to produce cylindrical plugs 2 inches long and 1 inch diameter. The concrete 

marrrial was allowed to nnt for one week with regular applications of water to keep it 

moist, after which time the forms werc removed and the plugs allowed to dry in w m ~ t  

with the atmosphere for TWO wceks. The compressive strength of each sample was 

danmined by compression in a hydraulic pressure system which measured the amount of 

Prssun in pounds that could be applied to the sample befort it developed a stress fracture. 
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LurchabiliryqftheFinalCsnurtPrOdud 

Tbe lca~hability of the final cement product was rcsttd Itccording to the Envircnmental 

Proteaion Agency (EPA) Standard Method 13 10 for five metals. Amberlie RN-77 was 

siurried in D. L water for u) minutes and weighed out into 20 g aliquots. Samples 1 and 2 

were spikai with 15 mL of a standard solution containing 200 ppm each of iron, zinc, 

cobaiS chromium, and manganese, to give a loading of 3 mg of each metal per sampie. 

Sampies 3,4, and 5 were spiked with 10 mL of the standard solution to give a loading of 2 

mg each meraL The resins wen equiiibrattd for 30 minutts and mixed with 6 g of coal 

char. The samples w e n  allowed to air dry ovcrrnight 

The next day, each mixture was rcvtrse-bumtd one time, removed from the column, 

allowed to moi, and weighed. A mass of Portland cemat equal to the mass of the 

residchar residue was added. Water was added to makc B slurry or paste. Table 2-2 lists 

tbt compositi~~ of tach sample. Styrofoam cups served as molds for the concrete. 

TABLE 2-2 

Composition of Cemnt/Resin/CharAggngaa Samples 

25 mL 20.6 
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Afm crning for 7 days, the c~ncrttt plugs w m  broken up with a hammer into 1 cm 

picces The k h i n g  proctdurr: was then carried out as indicated A blank sample was 

included. Sevcral modifications were ma& in the pcedurt. Sample sizes were rcduccd 

as the equipmnt available could not 8ccomod3tt the larger shes specifid. The shaker 

ustd w a -g (back-md-fonh) s h k .  

A mass of30 g of concrete sample was pl;rtd in a500 mL satw cap bottle with 400 

mL of D. L waer. As rgluircd by the standard proctdun, the pH of the lea~hare was kept 

at5f02. Drr: to the strongly alkaline natun ofccmens 0.5 M acid had to be added 

to the sarnplts paicxiica~y to readjust pH. Tbe maximum dowable mxmnt of acid PH 

adjustcr was mt exceeded. 

After 24 burs leach time, the samples were filtacd h g b  8 medium porosity filter 

paper, and t k n  through a 0.5 p m  Millipore ater under vacuum. The samples werc 

brought to the required final volume of 600 mL The samples were p p d  for analysis 

byIc3p-AES mbining 98 mL with 2 ml ofmnctnaateddistilltd nitric acid. 

RESULTS ASD DISCUSSION 

Consacsing 77?B Char with Resin and Rerenrion of Ni&i by Ash 

An even fiame front was observed when szmple 1 was reverse-burned This sample, 

which contaiDcd only rcsin with no char added, =“dsid very rapidly. The effluent gas was 

smngly acidic and H2S smell emerged from the reactor with a fine yellow aerosol of 

elementat suffmr. Forward-burning left only a small amount of tar d u e .  The production 

of sulfur gases was expected as the ion exchangt p u p s  on the resin were sulfite groups. 

a. 

Samples containing TRB Char product0 basic ash after forward-burning and all 

rcverse-burned evenly. It was found that 20 g of resh slurry could be satisfactorily 

gasified with as little as 6 g of char. A weli behaved flame front was observed and a 

combustible gas was produced. 
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The r#;ovc=ry of nickel in the sampks Gable 2-3) showed that a 30 96 mass ratio of 

TRB Char to resin s l u q  gave compfttencovcryof nickel from the ash with aminhumof 

TRB Char d d d  No dettctible Ni was found in h e  TRB Char b h k  The d&on iirnit 

far nickel was detczmined to bc 0.1 ppm or a total of 0.025 mg (2.5 96). 

TABLE 2-3 7- 

Percent Recwcry of NiM fa Various Qlar/Rcsin S l w  Mass Rados 

&overv of Nickel 
1 0% 83.75 % 

2 10 46 88.25 8 

3 

4 

5 

20% 
30% 

40% 

88.75 96 

101.25 % 

106225 5% 

Retention of Cesium and Strontium by the CharlResin Residue During Reverse-Bunr 

Gajficanon 

The results for Sr and C5 shown in Table 23 show that thcre is very minimd, if any, 

loss of metal vapor during the reverse-bunn process. These results demonstrate that tht 

rtsin/char product has a strong mhcy to rerain metals. The small amount of metals fwnd 

in the hrst trap Enxn the second sample wan most likely a rtsult of water whittt was driven 

off during the gasification. Some of the water produced recondensed on the char and 

&pped out of the end of the reactor column. It was included in the first trap S O ~ U ~ ~ O I L  

This water may have eluted dissolved d sal& The detection limits for Sr and Cs w m  
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&mined to be 0.04 ppm (0.6 46 for the trips and 1.2 96 for the extract) and 0.3 ppm 

(0.08 % for the naps and 0.16 % for the ~rnaa) rcspCctivcly. 

Pacent Rc~cwxy of Strontium and GsiumDuring Rc~crsc-B~rn Gasifiw;ion 
of Ion Exchange Rain 

2 

CS 

Sr 

C S  Extract 
Trap 1 
Trap 2 

t 

t 

W V -  

82.0 
0.0 
0.0 

9L 

dF 

- 
97.5 
0.0 
0.0 

82.0 
1.5 
c.0 

93.6 
1.3 
0.0 

-. ~ - - .. - 
- 

For strontium, the average recovery was 82.8 f 1.1 %. The average cesium recovery 

W a s  962 5 1.8 5%. Because the traps containd very little or RO metal, it was concluded 

that the remaining metal probably remained on the char/resin residue as a result of 

. 

incomplete extraction. 

c 
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is in units of counts/min, The rtactoc I d  100 96 of the miioactivity with 99.9 % 

nrtlaining on the c h a r h  residue. KO activity was detected in the char him. Tbc glass 

d b e e n  tbc c k h  column a ~ d  tk char film btcamt damp from moism~ cvdva? 

dming gasificdon. This mism prooably carried with it the activity that was found on 

tfris glass wool sample. Tbtse results &m>nstratt the superb ability of the char to retain 

mrralx while the organic portion of the waste ion exchange resin is destroyed. 

Glass wool 

Resin + Tc* 
with char 

‘ a .  

GLass wool 

811363 

68658 1 
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DEsrnrnion of rh Organic Morrix of the Resin atad Removal of Woter by Reverse-Burn 

Gmjkdon 

Generally, two ftvefst bums were rtquircd to destroy the Organics and rcm~ve the 

water. This was determined as illustrated in Figure 2-5, which shows weight loss 

following multiple reverse burn gasifications. After two passes, the rtsidchar residue 

behaved dmilarty to char alone, which indicated that two reverse burn gasifications were 

sufficient to n m v e  the w8tC.r and destroy the organics The organics were partiy gasified 

and partly czirboniz#1, The mass reduction for the charhesin mixture was 60 96 after wo 

reverse burns Resin accountsfar-60 96 of the dry mass of the sample. Ifthe 10 96 mass 

loss for each rcvcrse burn for char is taken into account, thcrc is a net increase in char 

cnmillrtsoltingfromcarbnhi resin. 
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F i p z  2-5. Plot of mass ioss in reverse burn gasification of char and charfresh mixture. 
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Sugkce Anatysis of Reverse-Burn Gaijkatwn Product 

An electron micrograph (SEM) of TRB Char is shown in Figure 2-6. The 

rnacroporosityof the TRB Char is cvidcptin its spongy appearance. This property aids in 

tfit drying of resin slurries befort gasifiwion and may provide a cataiytic surface for the 

tbennal destruction of the organic portion of the resin. SEMS of the mwse-burned 

-lite IR-124 -char 81t shorn in Figu~ts 2-7 and 2-8. Hm, tht @fied 

rtsinichar Sample is even morc porous than the original char. The surface appears to be 

very homogeneous indicating that the &-char interaction during gasification is vuy 

inhare. The MO substances appear to fuse into one homogemous char aggregate. 

Figurt 2-8 is a higher magnification of the same sample shown in Figure 2-7. I)eposits 

a n  bt Seen on the surface of the residue. Energy dispersive x-ray analysis (EDAX) 

pafixmd on the surface to datrrnine the elamntal camposition of deposits displayed high 

aergy readings for sulfur and scxiium This was not suprising as the resin contained 

snffitr. p u p s  and was in the ‘Sadillm form foi ion exchange. The sulfiir may aid in the 

nsemion of metals as sulfides in the residue by forming sulfides accogding to the following 

H2S + M2++ MS + W+ (2-1) 

Tht average mass reduction for each cycle of reverse-burn gasification was determined 

t~ tx 47.8 f 7.3 96. In this experiment, 60 g of wet resin mixed with 6 g TRB Char and 3 

g of”IU3 Char added to facilitate ignition could be reduced to 9.4 g dry char for the fmt 

smpk and 10 g dry char for the second sample. In general, 60 g wet resin was reduced to 

10 g char or less. This was about an 85 96 reduction in mass achieved through recycling. 

dtrecrable metal was found in any of the trap solutions. This i s  evidence that the resins 
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can be reduced completely without loss of metal as vapor. 

Figure 2-6. Scanning electron micrograph of TRB Char at magnification of 150 n 

Figure 2-7. Scanning electron micrograph of Amberlite IR-l24/TRB Char mixture 
Rverse-bum gasified one time, magnifution of 100 x. 
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Figure 2-8. Scanning electron micrograph of Am'krlite IR-124KRB Char mixture 
r e v e r s e - h  gas%ed one time, magmf5carion Gf 100 x. 

The duplicate a s h 4  samples gave similar rcsults. After air drying, each sample 

weighed 14.2 g. After ashing, each weighed 0.4 g. Therefore, 20 g resin plus 6 g TRB 

Char was reduced to 0.4 g ash. This was 2.8 % of the dry sample weight or, calculating 

back to wet resin, was 2.0 5% of the original mass. A mass reduction of 98 5% can be 

ahieved if the nsin is converted completely io slag. 

F W n  of G m n  Products in C m n r  

Photogmphs of the various concrttc sample plugs are shown in Fig-= 2-9 before the 

WCTC ttsted to determine the maximum load they could withstand. The residcement 

a g g q p m  formed pomcemnt pn~fucts b u s e  they were flaky. Pods from sM~ 
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Figure 2-9. Conzzxt plugs made from resin/cement, charkement, and ashkement before 
testing for comF:j57\.t smngth. 
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=Sin beads are clearly visible on the surface. The ash/ctmcnt sample W a s  SOmeWhat 

powdery. Plugs consisting of gasified resin/char aggregate WQ'C homogeneous and 

porws. Samples containing 3 parts aggregate to 1 part cement w e n  crumbly. The ones 

with least 50 Q cement mass werc easy to handle and datively hard. The composition 

and compl.tssive strength for the fixed samples art shown in Table 2-5. 

TABU 2-5 

Canposition and Comprtssive Sncngth of Rtsin, Char, and Portland Cement Mixtures 

Resinaggregate 

1 6.0 30.0 1:s 
2 3.0 30.0 I: 10 
3 1.5 30.0 1:20 

Charlrcsin mixnve reverse-bmd once 

4 12.0 36.0 1:3 
5 16.0 16.0 1:l 
6 21.0 7 .O 3: 1 

.. 
Char/resin mirarre reverse-bwned twice 

16.7 
9.1 
4.8 

25 
50 
75 

980 770 
23257 I773 
2752 2142 

658 525 
255 200 

10 7.9 

7 12.0 36.0 1:3 25 441 
8 16.0 16.0 1:l 50 173 
9 21.0 7.0 3: 1 75 6 

346 
140 
4.7 

charlrcsin mixnvc gas@.ed with one reverse-burn, then f o r w a r d - b d  to ash 

10 16.4 16.4 1: 1 50 1 34 105 
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Leachability of the Final Cement Prodm 

The results of the leaching sndy are shown in Table 2-6 which lists the results obtained 

in the ICP-AES analysis. The percent metal leached (Table 2-7) was sstimated by 

Calcddng the total mg metal in the 600 mL leachate and dividing by the toral metal added 

to the resin in the sample. The amount of Fe and Zn in the water blank was subtracted 

from the result obtained for those elements. The amount of metal leached appeared to 

to the parti& sample and not to a panic& metal. 

Thc values for metals leached were all less than 1 % except for the third sample which 

showed slightly greater than 1 % leaching for iron, manganese, and zinc. Sample 5 also 

leached slightly more than samples 1,2 and 4. The reason for the variation in samples 3 

5 Was not determined. This EPA test is designed to simulate SaniSry landfill leaching 
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for eight elanents, four pesticides, and two herbicides. chromium is the oniy element of 

the group tcsttd in this stody. The leaching of chromium was below that for the blank 

sample. The waste is consided non-hazardous unless tfie wrsact exceeds that specified in 

40 CFR 26124. 

TABLE 2-6 

ICP-AES R&s of Leaching Study @pm) 

sar€Uk 
1 
2 
3 
4 
5 

blank 
wattrbbnk 

Chromium 

co.01 
co.01 
0.02 

4.01 
0.02 
4.01 
4.01 

o.oQ0 0.20 
0.03 0.043 
0.02 0.10 
0.02 0.029 
0.02 . 0.039 
0.085 0.030 
d.01 0.0 1 

0.006 
0.015 
0.035 
0.0 14 
0.03 1 
0.006 

4.003 

0.052 
0.02 1 
0.041 
0.014 
0.034 
0.006 
0.003 

Limit of &em 0.0 1 0.0 1 0.005 0.W3 0.002 

D TABLE 2-7 

Estimate of Puuat Meml Leached Erom COncrtte Samples 

- s 2 K s m i m  h M a n e a n e s c &  
kak 

1 0.8 0.2 0.12 0.98 
2 - 0.6 0.66 0.3 0.36 
3 0.6 0.6 2.7 1.05 1.14 
4 0.6 0.57 0.42 0.33 
5 0.6 0.6 0.87 0.93 0.93 

f 
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CONCLUSIONS 

It has been dcmwstrattd that coal char  an bt used succtsSNly to m t  W ~ S W  organic 

ion exchange resins The treatment consists of several simple steps in which the organic 

matrix of the resin is dtstroycd leaving a dry inorganic residue or slag that can readily be 

fixed in cement The waste is no longer considend a mixed waste because the organic 

.component has been destroyed and it can be handled under existing regulations. 

The gases given off during reverse-bum gasification depend upon the specific resin(s) 

being trtated and upon the optrating parameters, The primary vapor phase products art 

H20, CO, and q. In d e r  amounts, nimgen products, such as "3, art obtained 

from anion resins and sulfur products, such as H2S and elemental sulfur vapor, are 

obtaincdfmmcatim~ 

The dried resin could be gasified alone, without premixing with char. This produced 

copious 8mounts of sulfur gases which could be filtcrcd through a plug of char. On a 

laboratory scale, bowcvcr, the process appears to be ophized by rnixing spent resin slmy 

with dry char in a 1&3 ratio by weight, After the mixture has k n  allowed to dy to 

remove excess watcr, it can be processed through two reverse bum gasification cycles and 

the product then mixed with an additional 10 parts of spent resin slurry. The entire cycle 

can be repeated one or more times, and the product set in cement The concrete products 

formed by mixing 50 96 b"y mass cement with char or ash exceed the accepted 50 psi 

The calcuiations discussed above arc summarized in Figure 2-11. The volume 
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This research has demonstrated on a laboratory scale that,, starting with a high- 

the reverse-burn process can produce an inert, dry, leach-rtsistant disposal farm in a 

c&n/&cral marrin Therefore, the process is highly effuxive for the stabilization, 

solidification, and volume reduction of spent organic resins used for the treatment of low 

moistLm=, mEchanicaliy-~eak, organic =in matrix that is SUSCtPfible to radiolytic damage, 

levd radioactive liquid waste. 

11. 

charsamcanznt 

i .  

Relative masses of resin sluny and final disposal forms for various disposal 
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: kL Pnxxdures have b n  dcvclqKd that cnable Mixing the char and rcsin sluny together in ,. L 

L:; 

a uniform miXtUrt that dries and handles readily. Retention to an extent of 98.5-100.0 % 

has been demonstrated for cesium and strontium bound to canon exchange resins. 

Complete retention (100.0 %) in a char manix has bccn demonstrated for radioactive 

technetium-99m sorbed to an anion exchange resin. Fly ash produced in the forward-burn 

d e  can be remvcd Erom the ef€lumt by filtering with char. 

...- . . .. 

. .  . 
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